Abstract. In this paper, we discuss the numerical simulation for a class of constrained optimal control problems governed by integral equations. The Galerkin method is used for the approximation of the problem. A priori error estimates and a superconvergence analysis for the approximation scheme are presented. Based on the results of the superconvergence analysis, a recovery type a posteriori error estimator is provided, which can be used for adaptive mesh refinement.
Introduction
The finite element approximation plays an important role in the numerical treatment of optimal control problems. This approach has been extensively studied in the papers [1] , [12] , [26] . In particular, a priori error estimates of finite element approximations for optimal control problems governed by linear elliptic equations were established some 30 years ago in, for example, [11] , and a posteriori error estimates have been discussed in, e.g., [4] and [21]-[23] in recent years.
Although the finite element method for the optimal control problem governed by partial differential equations has been extensively studied, to the author's knowledge, there are very few similar results for the optimal control problem governed by integral equations, even though this kind of problem is also widely used in practical engineering and scientific computations. Recently, an a priori error estimate and a residual type a posteriori error estimate for a class of constrained optimal control problems governed by integral equations have been presented in [6] .
In this paper we consider the numerical simulation for a class of constrained optimal control problems governed by integral equations of Fredholm type (see (2.1)-(2.2) for more details). We provide a superconvergence analysis for the Galerkin approximation to these control problems. Based on the results of the superconvergence analysis, a recovery type a posteriori error estimator is established, which can be used for adaptive mesh refinement.
Superconvergence has been investigated for the finite element method of the optimal control problem governed by the partial differential equation, in, e.g., [7] . Some techniques used in the above references are utilized in this paper. However, it seems to be not straightforward to extend the existing techniques to the optimal control problems governed by integral equations. Comparing our results with the corresponding ones on constrained optimal control problems governed by partial differential equations, it can be found that there are some significant differences between them. For example, the superconvergence analysis for the constrained optimal control problems governed by integral equations can be applied to general regular meshes, which is in contrast to many well-known superconvergence results where the condition of uniform meshes is required. Moreover, a new recovery operator is introduced in this paper in order to fit the interpolation definition and regular meshes. As a result, the new approach is more suitable for adaptive finite element mesh refinement.
The plan of the paper is as follows. In Section 2 we present the optimal control problem (2.1) governed by integral equations (2.2), and we further provide its Galerkin scheme (finite element method). In Section 3 an a priori error estimate of the Galerkin approximation is derived. In Section 4 we provide the main result of this paper: superconvergence of the Galerkin approximation for the optimal control problem (2.1)-(2.2). On the basis of the superconvergence results established in Section 4 we construct a recovery type a posteriori error estimator in Section 5, which is proved to be asymptotically exact on regular meshes.
Model problem and its Galerkin scheme
Let Ω be a bounded open set in Ê 2 with Lipschitz boundary ∂Ω. We adopt the standard notation W m,q (Ω) for Sobolev spaces on Ω with norm · m,q,Ω and semi-norm | · | m,q,Ω . We denote W m,2 (Ω) by H m (Ω), with norm · m,Ω and semi-
